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PURPOSE: 

The  purpose  of  this  Investigation  was  to  establish  design  allow¬ 
ables  for  glass-cloth  reinforced  plastic  panels  with  the  follow¬ 
ing  fabric  and  resin  combinations: 

l8l  Cloth  with  Class  II  (Laminae  4232)  resin 
l8l  Cloth  with  Class  III  (Conolon  506)  resin 
l8l  Cloth  with  Class  IV  (Epon  828)  resin 
143  Cloth  with  Class  II  (Laminae  4232)  resin 
143  Cloth  with  Class  III  (Conolon  506)  resin 
143  Cloth  with  Class  IV  (Epon  828)  resin 
120  Cloth  with  Class  II  (Laminae  4232)  resin 
120  Cloth  with  Class  III  (Conolon  506)  resin 
120  Cloth  with  Class  IV  (Epon  828)  resin 
183  Cloth  with  Class  II  (Laminae  4232)  resin 
183  Cloth  with  Class  III  (Conolon  506)  resin 
183  Cloth  with  Class  IV  (Epon  828)  resin 

In  Part  I  of  FGT-2186,  the  fabrication  history  and  material 
source  is  Included  with  the  physical  and  mechanical  properties 
of  each  panel.  Compression  testing  was  not  completed  at  the 
time  of  publication  of  Part  I.  This  report  presents  the  results 
of  the  compression  tests  which  complete  this  Investigation. 

SUMMARY: 

Compression  properties  on  12  different  cloth-resin  combinations 
were  obtained.  Testing  was  done  at  R.T.,  300  and  5OO  F. 

Properties  were  obtained  at  angles  of  0,  45,  and  90°  to  warp 
direction.  The  effect  of  soaking  In  boiling  water  on  the  RT 
compression  properties  was  also  determined. 

From  each  compression  specimen  the  ultimate  compressive  strength 
and  compressive  modulus  was  determined  and  recorded.  Laminates 
made  with  I8I  cloth  had  values  for  compressive  strength  In  the 
warp  direction  which  were  approximately  equal  to  these  properties 
when  tested  90°  to  the  warp  direction.  The  properties  at  45° 
to  the  warp  direction,-,  however,  were  reduced  by  approximately  50^. 
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Spt'clmenv'T  of  I8I  cloth  wlt)i  Class  II  (4232)  resin  retained 
slightly  less  than  50^  of  their  room  temperature  compressive 
strengths  at  500  F.  Average  compressive  strength  values  of 
specimens  of  I8I  cloth  wit)i  Class  III  (506)  resin  show  that 
this  material  retained  approximately  60  to  70^  (depending  on 
the  specimen  direction)  of  its  room  temperature  compressive 
strength,  at  500  F.  Specimens  of  I8I  cloth  with  Class  IV  (828) 
resin  retained  less  than  50^  of  their  room  temperature  strength 
at  300  F.  The  compressive  strength  of  this  material  was  below 
5  ksl  at  500  F,  a  decrease  of  over  90^  of  the  room  temperature 
value  at  0  and  90°  to  the  warp  direction. 

For  laminates  made  with  143  type  cloth  the  average  valuesof 
compressive  strength  at  45  and  90°  to  the  warp  direction  were 
approximately  equal.  These  values  are  less  than  45^  of  the 
values  obtained  parallel  to  the  warp  direction. 


The  following  treatments  had  no  effect  on  the  compressive 
properties  at  300  F  for  the  materials  listed: 


Materials 


181  Cloth 
resin 

with 

Class 

II 

(4232) 

181  Cloth 
resin 

with 

Class 

III 

(506) 

143  Cloth 
resin 

with 

Class 

II 

(4232) 

181  Cloth 
resin 

with 

Class 

IV 

(828) 

Treatment 

Soaked  at  300  F  for  100  hrs. 
while  stressed  to  20  or  40^ 
of  their  room  temperature 
compressive  strengths. 


Soaked  at  30O  P  for  100  hrs. 
while  stressed  to  205^  of  its 
300  F  compressive  strength. 


As  part  of  this  investigation  an  evaluation  of  compression  test 
procedures  for  fiberglass  was  made.  Four  test  set-ups  were 
evaluated  and  appeared  to  have  about  the  same  accuracy.  The 
Federal  Specification  LP-406B  compression  Jig  using  a  Baldwin 
PC7M  ccmpressometer  was  the  least  dependent  on  operator  technique. 
For  this  reason  it  was  considered  superior  to  other  methods  at 
temperatures  up  to  300  P,  which  is  the  operating  limit  of  its 
strain  measuring  system.  The  Convalr-bullt  leaf  type  compression 
jig  was  used  satisfactorily  for  the  500  F  tests. 
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OBJECT: 

1.  To  determine  the  compression  properties  at  room  and  elevated 
temperatures  for  various  glass  fabric  and  resin  combinations 
of  plastic  laminated  materials.  The  following  combinations 
were  tested:  120  cloth,  l43  cloth,  l8l  cloth,  and  183  cloth 
with  Class  II  (Laminae  4232),  Class  III  (Conolon  506),  and 
Class  IV  (Epon  828)  resins,  as  specified  in  FMS-0031(a),  at 
0,  45,  and  90°  to  the  direction  of  warp  of  the  material. 

2.  To  evaluate  the  different  test  procedures  for  obtaining 
compression  properties. 


PROCEDURE : 

Sixty  glass  reinforced  plastic  panels,  numbered  101  through  I60, 
of  the  following  glass  fabric  and  resin  combinations  were  fabri¬ 
cated  at  Convalr,  Port  Worth: 


Panel  Number 

Glass  Fabric 

Resin  i 
In  FMS 

as  Specified 
-OO3IA 

Panel 

Size  (in.) 

101-105 

181  Cloth 

Class 

II  (4232) 

26 

X 

24 

106-110 

181  Cloth 

Class 

III  (506) 

26 

X 

24 

111-115 

181  Cloth 

Class 

IV  (828) 

26 

X 

24 

116-120 

143  Cloth 

Class 

II  (4232) 

24 

X 

22 

121-125 

143  Cloth 

Class 

III  (506) 

24 

X 

22 

126-130 

143  Cloth 

Class 

IV  (828) 

24 

X 

22 

131-135 

120  Cloth 

Class 

II  (4232) 

14 

X 

12 

136-140 

120  Cloth 

Class 

III  (506) 

14 

X 

12 

141-145 

120  Cloth 

Class 

IV  (828) 

14 

X 

12 

146-150 

183  Cloth 

Class 

II  (4232) 

14 

X 

12 

151-155 

183  Cloth 

Class 

III  (506) 

14 

X 

12 

156-160 

183  Cloth 

Class 

IV  (828) 

14 

X 

12 
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A  fabrication  history,  a  list  of  vendors  who  supplied  the  materials, 
and  various  physical  and  mechanical  properties  for  each  panel 
are  Included  In  Part  I  of  this  report. 

Compression  properties  were  determined  for  each  condition  shown 
In  Table  I.  Four  specimens,  one  from  each  of  four  panels  of 
each  fabric  and  resin  combination  were  tested  In  the  conditions 
Indicated.  To  retain  Identity,  each  specimen  was  marked  with 
the  panel  number  from  which  It  was  taken  and  the  letter  A,  B,  or 
C,  depending  on  the  directionality  with  relation  to  the  warp. 

The  letter  A  signifying  that  it  was  parallel  to  the  warp,  B, 
that  It  was  45°  to  the  warp  direction  and  C,  that  It  was  90° 
to  the  warp  direction. 

Since  there  were  no  standardized  test  procedure  for  obtaining  com¬ 
pression  properties  of  plastic  laminates,  several  fixture  arrangements 
were  used  In  the  course  of  the  testing  to  evaluate  the  different 
procedures.  The  following  fixtures  were  used! 

1.  Convalr-bullt  spring  leaf  support  type  (Figure  l).  This  Jig 
was  used  for  26^  of  the  testing  including  all  tests  at  500  F. 

2.  Federal  Specification  LP-4o6b  Jig  with  Baldwin  B-3M  extensometer, 
(Figure  2A).  This  was  used  for  51$^  of  the  tests. 

3.  Federal  Specification  LP-406B  Jig  with  Baldwin  PC-JM 
compres some ter,  (Figure  2B),  used  for  21^  of  the  tests. 

4.  Federal  Specification  LP-406b  Jig  with  extension  arms 
extending  out  of  the  test  oven  (Figure  3)  to  a  microformer 
extensometer.  An  evaluation  of  this  fixture  was  published 
in  FOT-1735.  In  this  investigation  it  was  used  at  room 
temperature  for  of  the  tests. 

A  comparison  of  the  performance  of  the  four  test  fixtures  was 
made  on  2024-T86  aluminum  specimens  at  room  temperature. 

In  the  Convair  built  leaf  type  Jig,  the  specimen  is  supported 
by  leaves  which  can  deflect.  Figure  1  shows  the  leaves  in  the 
open  position  for  reloading.  A  thermocouple  extends  through 
the  leaves  and  touches  the  center  of  the  specimen.  Strain  is 
measured  over  a  1"  gage  length  on  the  centerline  of  the 
supported  faces  of  the  specimen.  The  strain  from  the  faces  is 
averaged  and  autographically  recorded. 
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The  foilswing  procedure  was  used  for  testing  with  the  LP-406b 
Jig.  The  screws  which  fastened  the  supporting  plates  were  hand 
tightened.  The  top  compression  head  was  rigidly  attached  to 
the  test  machine.  The  bottom  compression  head  rested  on  three 
threaded  studs  which  were  adjusted  so  that  the  specimen  was 
loaded  uniformly  at  the  ends.  A  thermocouple  was  attached  to 
the  side  of  the  specimen  along  the  reduced  section. 

Specimens  were  machined  to  the  dimensions  shown  In  Figure  4. 

All  specimens  were  loaded  at  a  constant  rate  such  that  failure 
occurred  In  approximately  2  to  3  minutes.  Tests  were  conducted 
on  60,000  and  5j000  lb.  capacity  Baldwin  universal  test  machines. 
Compression  load  vs.  strain  curves  were  recorded  autographlcally . 
Heating  for  elevated  temperature  tests  was  accomplished  with 
circulating  air  ovens. 

In  order  to  determine  the  effect  of  exposure  for  100  hours  at 
300  F  under  sustained  compressive  stress,  specimens  were  loaded 
in  Riehle  creep-rupture  machines  using  the  Jig  shown  in  Figure 
5.  The  bolts  holding  the  support  plates  on  the  sides  of  the 
specimen  were  hand-tightened.  The  loading  was  at  20  or  40^6  of 
the  average  compressive  strength  at  room  temperature.  After 
loading  for  100  hours,  each  specimen  was  removed  and  tested  in 
compression  at  300  P.  An  exception  to  this . procedure  was  used 
for  specimens  taken  from  panels  fabricated  using  l8l  cloth 
with  Class  IV  (828)  resin.  Because  the  compressive  strength  of 
this  material  at  300  P  Is  less  than  45/^  of  the  room  temperature 
compressive  strength,  the  loads  were  20^  of  the  average  com¬ 
pressive  strength  at  300  F. 

RESULTS ; 

The  compression  properties  for  each  specimen  are  given  in  Tables  II 
through  IX,  and  are  shown  graphically  in  Figures  6  through  12. 
Typical  compression  stress-strain  curves  for  each  condition  are 
shown  in  Figures  13  through  28. 

DISCUSSION: 

The  compressive  moduli  for  two  of  the  laminates  at  elevated 
temperature  could  not  be  determined  from  the  load-strain  curves 
beeause  the  materials  deformed  inelastically  at  very  low  stresses. 
This  low  elasticity  and  strength  were  exhibited  by  the  I8I  and 
143  cloth  laminates  bonded  with  828  resin.  The  stress-strain 


UTILITY  REPORT  SHEET 


Dapartnent  6 
FWP  1072-8-54 


C  0  N  V  A  I  R 


A  BIVISION  OF  GENERAL  DYNAMICS  CORPORATION 

(FORT  WORTH) 


curves  for  these  materials  at  some  elevated  temperature  test 
conditions  could  only  be  represented  as  shaded  areas  as  shown 
In  Figures  20  and  26. 

Compression  failures  occurred  In  one  of  three  ways  -  crushing 
or  buckling  the  material  along  the  reduced  section  of  the  specimen, 
crushing  either  end  of  the  specimen,  or  by  delaminating. 

Delamination  failures  are  those  in  which  the  bonds  between  the 
layers  of  cloth  were  broken  and  the  layers  separated.  End 
failures  occurred  because  the  ends  of  specimens  were  somewhat 
weakened  from  the  machining  operation.  The  compressive  strength 
tabulated  for  specimens  on  which  end  failures  occurred  was 
obtained  by  dividing  the  maximum  load  by  the  minimum  cross 
sectional  area  of  the  specimen.  Such  values  are  not  included 
in  the  averages  in  Tables  II  through  IX  and  are  lower  than 
the  compressive  strength  for  the  specimen.  The  location 
of  failure  is  included  for  each  specimen  in  the  data  sheets. 

For  laminates  made  with  l8l  cloth  (see  Figures  6,  7j  and  8) 
the  average  values  for  compressive  strength  and  modulus 
measured  parallel  to  the  warp  direction  were  approximately 
equal  to  these  properties  when  measured  90^  to  the  warp 
direction.  The  average  values  measured  45^^  to  the  warp 
direction  were  approximately  half  the  parallel  and  90°  values. 

Specimens  made  of  l8l  cloth  with  Class  II  (4232)  resin  retained 
slightly  less  than  30^  of  their  room  temperature  compressive 
strengths  at  500  P  in  each  of  the  three  directions  tested. 

The  average  compressive  strength  values  of  specimens  made  of 
l8l  cloth  with  Class  III  (506)  resin  and  tested  at  500  P  show  that 
this  material  retained  60  to  fo^  of  its  room  temperature  strength 
at  500  F,  depending  on  the  specimen  direction.  The  compressive 
strength  of  l8l  cloth  with  Class  IV  (828)  resin  was  less  than 
50^  of  its  room  temperature  value  at  300  P  and  below  5  Icsi  at 
500F,  This  represented  a  decrease  of  over  90^  of  the  room 
temperature  values  in  the  0  and  90°  to  the  warp  direction. 

The  elevated  temperature  compressive  properties  of  181  cloth 
laminates  were  not  affected  by  stressing  and  soaking  for  100 
hours  at  300  F. 

Laminates  made  using  l43  cloth  had  average  values  for  compressive 
strength  at  45  and  90°  to  the  warp  direction  which  were  approximately 
equal.  Values  for  these  directions  at  room  temperature  were 
30  to  45$^  (depending  on  the  resin),  of  the  average  compressive 
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Btrengths  obtained  parallel  to  the  warp  direction.  No  signi¬ 
ficant  effect  on  the  300  F  properties  was  observed  on  specimens 
of  143  cloth  with  Class  II  (4232)  resin  due  to  loads  at  300  F 
of  20  or  40^  of  the  room  temperature  strength  for  100  hours. 

(See  Table  V ) . 

Testing  experience  with  the  four  test  set-ups  established  the 
LP-406B  fixture  with  the  Baldwin  PC-7M  compressometer  (Fixture  3) 
as  the  preferable  one  for  temperatures  up  to  300  F.  The  Convair 
leaf  type  Jig  was  satisfactory  at  higher  temperatures. 

The  accuracy  of  the  fixtures  was  not  rigorously  determined  in 
this  investigation,  but  was  nominally  the  same  for  all  the 
fixtures  when  checked  on  .125"  thick  2024-T86  alumin\am  specimens. 
The  accuracy  obtained  with  Jig  No.  2  which  employed  a  non-averaging 
extensometer,  was  greatly  affected  by  any  lack  of  parallelism 
of  the  specimen  ends. 

The  No.  3  fixture  was  found  to  be  the  least  dependent  on  operator 
technique  in  attaching  the  strain  measuring  system  to  the  speci¬ 
men.  Because  of  this,  the  No.  3  fixture  permits  testing  to  proceed 
faster  than  with  other  Jigs  and  with  the  least  chance  for  operator 
error.  Its  use  is  limited  to  a  mlxlmum  temperature  of  300  F, 
which  is  the  operating  limit  for  the  PC-7M  compressometer. 

C PNC LUC TOMS; 

The  results  of  this  investigation  consist  of  empirical  data  to  be 
used  in  establishing  design  allowables  at  room  and  elevated 
temperatures  for  all  combinations  of  the  following  fabrics  and 
reslnsj  types  I81,  143,  120,  and  I83  cloths  with  Class  II 
(Laminae  4232),  Class  III  (Conolon  506)  and  Class  IV  (Epon  828) 
resins.  From  the  data  obtained  the  following  general  con¬ 
clusions  are  drawn: 

1.  Laminates  made  using  I81  cloth  had  compression  strengths 
parallel  to  and  at  90  degrees  to  the  warp  direction  which 
were  approximately  twice  the  strength  of  the  material  at 
45°  to  the  warp  direction. 

2.  Laminates  made  using  143  cloth  had  compression  strengths 
which  were  approximately  equal  at  45  and  90°  to  the  warp 
direction.  These  properties  were  55  to  70?^  (depending  on 
the  resin  used)  less  than  the  strength  parallel  to  the  warp 
direction. 


UTILITY  REPORT  SHEET 


Dspartrtent  6 
FWP  1072-8-54 


C  0  N  V  A  I  R 


A  DIVISION  OF  OFNERAl  DYNAMICS  CORPORATION 

(rORT  WORTH) 


PAGE _ ^ - 

REPORT  NO _ FGT-2186 

MODEL.  B-58— - - 

DATE _ 7-28-f3Q - 


3.  Exposures  for  100  hours  at  3OO  F  at  loads  of  20  or  40^  of 
the  room  temperature  compressive  strength  had  no  effect 
on  the  compressive  properties  at  3OO  F  parallel  to  the 

warp  direction  for  the  following  cloth  and  resin  combinations: 
181  cloth  with  Class  II  (4232)  resin,  I8I  cloth  with  Class 
III  (506)  resin,  and  143  cloth  with  Class  II  (4232)  resin. 
Similar  exposures  at  loads  of  20^  of  the  3OOF  compressive 
strength  had  no  effect  on  the  compressive  properties  at 
300  F  for  181  cloth  with  Class  IV  (828)  resin. 

4,  The  Federal  Specification  LP-4o6B  Jig  with  a  Baldwin  model 
PC-7M  compressometer  was  the  easiest  and  fastest  combination 
to  use  for  tests  up  to  and  including  3OOF.  The  Convair 
built  leaf  type  compression  Jig  was  satisfactory  for  500 

F  tests. 
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